Tobacco plants (Nicotiana tabacum L.) were grown on long or short photoperiods followed by 5 minutes of red or far red radiation each day. Plants that received 16-hour photoperiods had a significantly higher concentration of total alkaloids and total phenolics than those that received 8-hour photoperiods. Significantly higher total alkaloid content was found in plants that received red rather than far red radiation last each day. Within each photoperiod, plants that received far red had higher concentrations of soluble phenols, particularly of chlorogenic acid. The interactions among these variables upon alkaloid and phenolic contents are discussed.
were trimmed to a 2-cm "brush," and leaves at lower stalk positions were removed so that the characteristics of new growth were a function of the assigned treatment. The "conditioned" test plants were then set in aerated nutrient solution (4) and placed under either 8-or 16-hr photoperiods at 25 C under 2000 ft-c of illumination from cool white VHO fluorescent lamps. Roots of test plants were protected from light exposure by placing aluminum foil over the nutrient solution containers.
Thirty plants were used for each photoperiod treatment. At the end of their respective photoperiods, each day, half of the test plants were irradiated with 5 min of R, while the other half received 5 min of FR. The intensity of R and FR radiation was adjusted to approximately 360 j,W-2 over the wave length bands of 600 to 700 and 700 to 770 nm, respectively, as described in an earlier report (8) .
Plants on 16-hr photoperiods were treated for 18 days. Those on 8-hr photoperiods received 20 days of treatment. This 2-day Photocontrol of plant growth and development has been widely studied. Pronounced developmental differences associated with red and far red light, acting through the phytochrome system, occur when such irradiations follow relatively short photoperiods and are followed by long uninterrupted nights (8) . Tobacco plants irradiated briefly with FR2 at the end of short days develop long stems with light green leaves relative to those on plants irradiated with R at the end of the day (8) . Light of defined spectra was observed to affect levels of phenolic components of many plants (15, 16) . However, the exact relationships between photoinduced biosynthesis of the compounds and photoinduced growth and development are yet to be established (3) . The objective of the research reported herein was to determine whether levels of alkaloids and phenolic compounds of tobacco were influenced by length of photoperiod and/or by manipulation of the phytochrome system with R and FR at the end of the day.
MATERIALS AND METHODS Tobacco (Nicotiana tabacum L. cv. TI-204-E) seedlings were started and grown for about 6 weeks at 28 C under 14-hr, 1600 ft-c photoperiods from cool white fluorescent lamps. The seedlings were started in vermiculite and subirrigated with halfstrength Hoagland's nutrient solution (4 Results of total alkaloid content are shown in Table II . Most alkaloids were concentrated in the lamina. Stems were intermediate and midribs were lowest in total alkaloid content. Longer photoperiod (16-hr) treatment consistently resulted in a higher alkaloid concentration (%) than occurred in plants grown under the shorter photoperiods (8 hr), and end-of-day exposure to R radiation always resulted in a higher alkaloid concentration. Taking into consideration the variation of plant weight from different treatments, the total amount of alkaloid produced on a per plant basis also followed the pattern of alkaloid concentration in response to photoperiod and end-of-day light quality.
Significant interactions exist among these variables. For example, leaf lamina under 18-hr photoperiod ending with R radiation each day had the highest total alkaloid content. As shown in Table II , very significant interaction exists between end radiation at the same photoperiod, and also between end radiation at the same plant tissue, on the total alkaloid content.
The problem of nicotine-nornicotine conversion in tobacco plants has been the subject of many studies (18) . Nicotine A statistical evaluation on the effects of these variables to individual and total phenolic concentration is shown in Table V. Regarding the main effects, the lamina was significantly higher in total phenolic content than midrib or stem; 16-hr photoperiod was significantly higher than 8-hr photoperiod; and end radiation with FR was very significantly higher than with R. These effects also exist in the chlorogenic acid content, which amounts to about 80%o of the total phenolics.
There was no significant effect on the level of chlorogenic acid content due to interaction between plant tissue and photoperiod. There was, however, a significant effect due to interaction between plant tissue and end radiation. Generally, FR-irradiated plant tissue was higher in chlorogenic acid content than R-irradiated. FR-treated lamina and midrib were much higher in chlorogenic acid content than R-treated, but there was practically no difference in the stem. Regarding other minor phenolics, no variable included in this study had significant effect on the level of scopoletin content. There was a significant difference in the levels of scopolin content among plant tissues, lamina being the highest. Rutin content also differed significantly among plant tissues. There was also a significant effect on rutin content due to interaction between plant tissue and end radiation. A significant interaction was also found between end radiation and plant tissue on quinic acid content. Significant differences in quinic acid levels were found in the midrib and stem between R and FR, but not in the lamina.
The effect of length of light exposure on phenolic synthesis has been reported by several authors. Zucker and Ahrens (20) found that tobacco leaf discs and stem tissue synthesize chlorogenic acid if the tissue is exposed to light, but no synthesis occurs in darkness. Swain (17) reported that the synthesis of both rutin and chlorogenic acid was decreased in darkness, rutin synthesis being affected the most. The present results from two photoperiods appear to be in agreement with these findings. It has been shown that phenylalanine and tyrosine are precursors of the phenolic compounds in Nicotiana plants (19) . Plants exposed to a shorter day length are therefore expected to produce a smaller amount of phenylalanine and tyrosine than those exposed to a longer day length, and consequently more phenolic compounds are expected in plants grown under 16-hr than under 8-hr photoperiods.
The effects of R and FR radiation on total phenolic levels are exactly the reverse of their effects on total alkaloid levels in that a higher concentration of total alkaloid was found in R over FR treatments, but a higher total phenolic concentration was found in FR over R treatments. In Brassicajuncea, Kandeler found that FR radiation was far more productive than R in the formation of anthocyanin (7) . In the present case, the formation of chlorogenic acid was definitely promoted by FR over R. A similar but lesser effect applies to quinic acid and to rutin. The concentration of other minor phenolics was not so clearly influenced by FR radiation although a similar trend was suggested by the results of total phenolics produced per plant.
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